
  

 

Abstract— Glaucoma is a leading cause of permanent 

blindness. Retinal imaging is useful for early detection of 

glaucoma. In order to evaluate the presence of glaucoma, 

ophthalmologists may determine the cup and disc areas and 

diagnose glaucoma using a vertical optic cup-to-disc (C/D) ratio 

and a rim-to-disc (R/D) ratio. Previously we proposed a method 

to determine cup edge by analyzing a vertical profile of pixel 

values, but this method provided a cup edge smaller than that of 

an ophthalmologist. This paper describes an improved method 

using the locations of the blood vessel bends. The blood vessels 

were detected by a concentration feature determined from the 

density gradient. The blood vessel bends were detected by 

tracking the blood vessels from the disc edge to the primary cup 

edge, which was determined by our previous method. Lastly, the 

vertical C/D ratio and the R/D ratio were calculated. Using 

forty-four images, including 32 glaucoma images, the AUCs of 

both the vertical C/D ratio and R/D ratio by this proposed 

method were 0.966 and 0.936, respectively. 

I. INTRODUCTION 

Glaucoma is the leading cause of blindness in Japan. The 
number of glaucoma patients is increasing in Japan with one in 
about 20 people over the age of 40 being diagnosed with 
glaucoma [1, 2]. However, about 90 percent of the patients are 
not diagnosed because many of them are asymptomatic in the 
early stage of the disease. If they were diagnosed earlier, then 
permanent blindness may be avoided. Thus, screening and 
periodical check-ups are important for the early diagnosis of 
glaucoma. But, many patients with glaucoma cannot be 
diagnosed by using only ophthalmotonometry because 3.6 
percent of the people have normal tension glaucoma (NTG) 
[1, 2]. Moreover, it is difficult diagnose glaucoma because of 
the need to conduct several ophthalmological examinations, 
including ophthalmotonometry, funduscopy, visual field 
examination, etc., in mass screening.  Retinal imaging is an 
easy and effective diagnostic exam. The findings indicating 
glaucoma in the retinal image are large cupping, rim loss, rim 
notching, peripapillary atrophy (PPA), nerve fiber layer 
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defects (NFLDs), etc. Large cupping is found by measuring 
the vertical optic cup-to disc (C/D) ratio, and rim loss is found 
by measuring the rim-to-disc (R/D) ratio. Although the use of 
retinal imaging has improved ocular healthcare, the number of 
ophthalmologists has not increased, thus increasing their 
workload. Computer-aided diagnosis (CAD) systems, 
developed for analyzing retinal images, can assist in both 
reducing the workload of ophthalmologists and improving the 
screening accuracy. 

The purpose of this study is to analyze the optic disc on a 
retinal image, which is important for diagnosis of glaucoma. 
Three-dimensional images captured on a stereo retinal fundus 
camera [3-8] and HRT [9] were used in several studies. 
However, it is still difficult to use such 3D retinal fundus 
camera in the screening. Thus, we attempted to measure the 
vertical C/D and R/D ratios automatically using two- 
dimensional retinal images. Several studies have also reported 
on automated C/D ratio measurements [10-12]. Joshi et al 
proposed an automated cup and disc segmentation [10]. The 
disc was segmented using an active contour model (ACM), 
and the cup was segmented using r-bends information.  Cheng 
et al proposed segmentation of the cup and disc using a 
superpixel classification with the histograms, the center 
surround statistics, and the location information [11]. We also 
proposed an automated cup and disc segmentation [12]. The 
disc was segmented using ACM [13]. Since we thought that 
the detection of blood vessel bends (kinks) was very difficult, 
we segmented the cup using profile analysis based on the blue 
image channel [12]. Our previous method detected bright 
region as the cup region, but bright region tended to smaller 
region than the cup region determined by expert 
ophthalmologists. Experts determine a cup edge by reference 
of the blood vessel bends on an optic disc region. Thus, our 
method found some vertical C/D ratios that were smaller than 
those determined by ophthalmologists, and the area under the 
curve (AUC) was 0.87 in receiver operating characteristic 
(ROC) [12]. The purpose of this study is to improve a cup 
contour detection by automatic detection of blood vessel 
bends. 

II. METHODS 

Retinal images were captured using a retinal fundus 
camera (Kowa VX-10i). The photographic angle of the fundus 
camera was set to 27 degrees, and the optic disc was set in the 
center of image. The retinal images were obtained with an 
array size of 1600 × 1200 pixels and 24-bit color. Our method 
consists of three steps; A) optic disc segmentation, B) cup 
segmentation, and C) determination of vertical C/D and R/D 
ratios. More details are given below. 

A. Optic disc segmentation 

In this study, the optic disc was segmented by our 
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Figure 1.  Elements for calculating the concentration. d (x ,y )  represents 

the intensity component of the density gradient. The value of  (x ,y )  shows 
the angle determined by the direction from the center of the mask to point 

(x , y )  and the direction of the density gradient.  _  : density gradient vector. 

  
(a)                                     (b)                                      (c) 

   
(d)                                     (e)                                      (f) 

Figure 2.  Example of  blood vessel detection and blood vessel bend 

detection. (a) Original retinal image. (b) The image was filtered by the 

concentration. (c) The blood vessel regions were segmented using the p-tile 

method. (d) The inner ring shows the initial cup outline. The outer ring 
shows the optic disc outline. (e) The x- marks show the bends. (f) The result 

of cup and disc outlines. 

         
(a)                                           (b) 

Figure 3.  Two types of blood vessel bends. The arrows show (a) visible 

bends and (b) invisible bend going backward. 

   
(a)                                            (b) 

Figure 4.  Determination of (a) C/D ratio and  (b) R/D ratio. 
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proposed method based on ACM [13]. The 
blood-vessel-erased image was first created by using our 
proposed method [14]. Forty eight initial candidate points on 
the disc edges were selected on the basis of the edges 
identified by applying the Canny edge detector on the red 
channel of the blood-vessel-erased images. The candidate 
points were updated by the active contour modeling. The 
outline of the optic disc was determined using the spline 
interpolation method. The mean error in the largest vertical 
lengths of the disc regions was 4.5% [13]. 

B. Cup segmentation 

The initial cup outline was determined by our previous 
method [12], and the details are given below. Since there is 
high contrast between the cup and rim regions in the blue 
channel of a color blood-vessel-erased image [14], a profile in 
the blue channel was then obtained around the center of 
gravity of the disc region. Subsequently, the cup edge was 
determined by using the zero-crossing method. By obtaining 
the profiles around the center of gravity of the disc region, the 
omniazimuth cup edge candidates were obtained. The initial 
cup outline was determined by the spline interpolation method 
based on the omniazimuth cup edge candidates. 

Our previous method [12] detected the blood vessel 
regions using the black-top-hat. But, the black-top-hat could 
not detect the blood vessel regions with low contrast. Thus, we 
propose that blood vessel detection be based on the 
concentration feature determined from the density gradient 
[15]. The concentration feature G(i, j, R) is 

 G( i , j ,R)  =  x , yRd (x ,y ) f(x ,y)  

where i and j are image coordinates, R is the radius of  

calculation mask, d(x, y) represents the intensity component 

in the Sobel filter, and f (x, y) is given by the following: 

 f(x,y)  =  cos[(x ,y)+n sin{(x ,y) - }]  

where  (x ,y)  is the difference between the Sobel gradient 

direction  ⃑⃑  and the direction of (x ,y)  and the center of R as 

shown in Fig. 1. Since f(x,y)  is influenced by the direction 

component of the density gradient, it increases when the 

direction component turns to the center of the mask. From the 

definition above, it is noted that d (x ,y) f(x ,y)  becomes 

greater when the direction of the density gradient turns to the 

center of the mask and the value of the density gradient 

becomes larger. In (2), "n" is a fixed number, and the value of 

0.2 for "n" was determined experimentally. The sin term is 

added inside the cos term so that a few changes of  (x ,y)  will 

not influence f(x,y)  greatly [15]. In this study, the maximum 

value of G( i , j ,9) , G( i , j ,  11)  and G( i , j ,13)  is determined 

as a final concentration C (i , j ) . 

 C( i , j)  = maxR =9,11,13G(i, j, R)  

The retinal image was filtered by C( i , j)  (as shown in Fig.2 

(b)), and then the blood vessels were detected by the p-tile 

method, as shown in Fig. 2 (c). 

 The blood vessel bends were detected by tracking the blood 
vessels from the disc outline to the initial cup outline. We 
divided the bends into 2 types, visible bend and invisible bend 
going backward, as shown in Fig. 3. The visible bends were 
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(a)                                      (b)                                      (c)                                          (d)                                     (e) 

             
(f)                                       (g)                                       (h)                                        (i)                                         (j)  

Figure 5.  Examples of results. (a) to (e) show normal images. (f) to (j) show glaucoma images.  (a) and (f) are original images. (b) and (g) are  the results using 

the previous method, (c) and (h) are the results using the proposed method, (d) and (i) are sketches by an ophthalmologist 1, (e) and (j) are sketches by an 
ophthalmologist 2.  

TABLE I.  CDR AND RDR OF THE NORMAL IMAGE 

 Proposed Previous Ophthalmologist 1 Ophthalmologist 2 

CDR 0.67 0.58 0.59 0.66 

RDR 0.11 0.11 0.16 0.14 

 

TABLE II.  CDR AND RDR OF THE GLAUCOMA IMAGE 

 Proposed Previous Ophthalmologist 1 Ophthalmologist 2 

CDR 0.76 0.69 0.84 0.84 

RDR 0.06 0.08 0.01 0.04 

 

detected by the k-curvature [16]. The invisible bends looked 
like endpoints on the optic disc, thus such endpoints were 
detected as the bends. The cup edge candidates were updated 
by using the bends. The outline of the cup was finally 
determined using the spline interpolation method. 

C. Determination of vertical C/D and R/D ratios 

The vertical C/D ratio CDR was determined by the method 
of Gloster et al [17]: 

 CDR = Cv / Dv  

where Cv is the vertical cup diameter, and Dv is the vertical 
disc diameter. Cv and Dv were determined by the distances 
between the top and bottom levels of these diameters (as 
shown in Fig. 4). The higher the CDR is, the higher the 
glaucoma risk is. In upper (11-1 o'lock hours) or lower (5-7 
o'clock hours) of the disc, the narrowest dimension r of the rim 
divided by the diameter d of the disc at that point was 
determined as the R/D ratio RDR [17]. 

 RDR = r / d  

The lower the RRD is, the higher the glaucoma risk is.  

III. RESULTS AND DISCUSSION 

The proposed method for measurement of CDR and RDR 
was evaluated on the basis of the manual outlines drawn by 
two ophthalmologists, who are experts in glaucoma diagnosis. 
Two ophthalmologists classified 50 retinal images into 
glaucoma and normal, and 44 retinal images were agreed by 
both. Thus, we used 44 retinal images, including 32 glaucoma 
images, in this test. 

The examples of the cup and disc outlines determined by 

the proposed method, previous method, and 2 

ophthalmologists in both normal and glaucoma images are 

shown in Fig. 5, respectively. The CDR and RDR measured 

in the normal image of Fig. 5 (a) are shown in TABLE I. The 

cup region determined by the proposed method was larger 

toward right and left than that determined by the 

ophthalmologist, because the proposed method detected the 

bend of the thin blood vessel in the left side of the optic disc. 

However, the upper cup edge and the lower cup edge 

determined by the proposed method were similar to them of 2 

ophthalmologists. Thus, the CDR and RDR were both in the 

range of normal. The CDR and RDR measured in glaucoma 

image of Fig. 5 (e) are shown in TABLE II. The cup region 

determined by the previous method was small, but that 

determined by the proposed method was improved and 

similar to them of 2 ophthalmologists. Moreover, the CDR 

determined by the previous method was in the range of 

normal, but that determined by the proposed method was in 

the range of glaucoma. 

We then analyzed the results of the CDR and RDR using 
ROC (receiver operating characteristic) analysis, as shown in 
Fig. 6 and Fig. 7, respectively. Note that the difference is very 
small because of the curve fitting. The area under the curves 
(AUC) by the CDRs of the proposed method and the previous 
method were 0.966 and 0.965, respectively. But, the 
sensitivities by the previous method and the proposed method 
were 46.9% and 62.5%, respectively, when both specificities 
were 100%. The AUC of the RDR determined by the proposed 
method and the previous method were 0.936 and 0.896, 
respectively. Moreover, the sensitivity by the proposed 
method was jumped 56.3% to 78.1%, when both specificities 
were 91.7%. Thus, the performance of the RDR determined by 
the proposed method was higher than that of previous one.  
Although the cup regions by the proposed method were 
slightly small, the proposed method indicated that it can be 
useful for automatic measurement of the CDR and the RDR. 

128



  

 

Figure 6.  ROC curves by CDR of both the previous method and the 

proposed method are shown. 

 

Figure 7.  ROC curves by RDR determined by the previous method and  by 

the proposed method are shown. 
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The AUCs of the CDR and the RDR determined by 2 
ophthalmologists were all 1.00. Thus, his measurement was 
too high. In the future, we plan to have either a resident or an 
inexperienced ophthalmologist perform the measurement. 

IV. CONCLUSION 

We proposed a measurement method for the vertical C/D 
ratio and R/D ratio based on a determination of the cup edge in 
retinal images. The cup outline was improved by the detection 
of blood vessel bends. The AUCs of the vertical C/D ratio and 
R/D ratio determined by the proposed method reached 0.966 
and 0.936, respectively. Although the proposed method is not 
error-free, the results indicated that it can be useful. 
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